Summary Renal fu nctional status in My cobacterium leprae infected mice can be best studied by examining the enzymatic status of brush border membrane vesicles from proximal convoluted tubule. The role of vaccination in modulation of the renal status brought by the disease has been studied using this technique. The characteristic marker enzymes of renal brush border membrane-namely alkaline phosphatase, leucine aminopeptidase and y-glutamyl transpeptidase decreased significantly ( p < 0·0 I) in due course in M. leprae infection over a period of 9 months. The combined vaccine (BeG + M. leprae) may have a protective effect on renal abnormalities only in the initial stages of infection as indicated by a significant rise in enzymatic levels. However, no significant ( p > 0·05) protective effect of vaccine was fo und in a more advanced disease state after 9 months in infected mice.
Summary Renal fu nctional status in My cobacterium leprae infected mice can be best studied by examining the enzymatic status of brush border membrane vesicles from proximal convoluted tubule. The role of vaccination in modulation of the renal status brought by the disease has been studied using this technique. The characteristic marker enzymes of renal brush border membrane-namely alkaline phosphatase, leucine aminopeptidase and y-glutamyl transpeptidase decreased significantly ( p < 0·0 I) in due course in M. leprae infection over a period of 9 months. The combined vaccine (BeG + M. leprae) may have a protective effect on renal abnormalities only in the initial stages of infection as indicated by a significant rise in enzymatic levels. However, no significant ( p > 0·05) protective effect of vaccine was fo und in a more advanced disease state after 9 months in infected mice.
Renal involvement is a frequent finding in leprosy. 1-3 A number of trials of vaccination have been conducted in humans4.5 to assess its protective value in the disease. Significant rates of skin test conversions have been reported 3 months after vaccination with BCG alone and with two consecutive doses of killed My cobacterium leprae with or without BCG.6 Vaccination studies have also been carried out in animal models of leprosy particularly in mice4.7.8 since this animal can be easily obtained and handled.
Earlier studies elucidated the histopathological and immunological status of the kidneys in leprosy subjects.9." These criteria do not in themselves explain the complete renal pathogenesis or indicate the state of infection at which the renal impairment actually starts; these parameters also do not pick up damage at the cytochemical level . In a recent study, significant enzymuria was detected in untreated multibacillary leprosy patientsl2 which may reflect the level and extent of renal damage. We planned to study the onset and alterations in renal brush border membrane (BBM) enzymes also in a mouse model of leprosy at different time periods of experimental infection. It may be possible also to examine the role of vaccination in the modulation of renal impairment in the mouse model using renal BBM enzymes as the biochemical markers for the detection of insult to kidneys.
Materials and methods

SOURCE OF M. LEPRAE
The M. /eprae were isolated from skin biopsies taken fr om lepromatous leprosy patients with a BI ranging from 4+ to 6+ and a MI of more than 1 %. The bacteria were counted and an inoculation of 1 x 104 acid fa st bacilli (AFB) was used for mouse fo otpad infection.
MICE
Outbred lacca strain of Swiss albino mice each weighing 20-25 gm (3-4 weeks old) were used for the study. 
PREPARA TION OF BRUSH BORDER MEMBRANE VESICLES ( BBMV)
The BBMV from the renal cortex were prepared by the method of Malathi 17 and the quality was checked as described by Turner & Moran.ls ENZYME ASSAY Alkaline phosphatase was assayed by the method of Bergmeyer, 19 leucine aminopeptidase was assayed by the method of Goldberg & Rutenberg. 20 The method of Naftalin21 was used to determine the activity of y-glutamyl transpeptidase. The substrate concentration was standardized and used for each enzyme assay throughout the study. One enzyme unit is defined as 11 mole of substrate hydrolysed per minute per mg protein under standard assay conditions and the enzymatic activities are expressed as Mean ± SD. Protein was estimated by the method of Lowry.22
Results
The BBMV prepared from the renal cortex of M. leprae infected mice were employed for the assessment of kidney function during the course of experimental leprosy and the role of vaccination in preventing/reverting the impairment caused by the infective agent. The normal infected (NIC) and vaccinated (NIV) groups were compared with the NC group. The hydrolytic enzymes characteristic of BBM studied included alkaline phosphatase (AP), leucine aminopeptidase (LAP) and y-glutamyl transpeptidase (yGT).
The activities of alkaline phosphatase estimated from the BBMV from vaccinated (NIV) and infected (NIC) groups of mice were compared with controls (NC) as given in Figure I . No significant difference in enzymatic activities was fo und between the groups at zero time. However, a significant decrease (p < 0·01) in enzymatic activity was fo und at I month in the NIC group, the fa ll was more pronounced from 3 to 9 months post infection when compared with the NC group. The NIV group of mice showed a significant rise (p < O'OOI) in the enzymatic activity compared to the NIC group at 1 month post-infection and this increase persisted up to a 3 month period of infection.
However, after 6 months of infection, there was no significant (p > 0·05) difference between NIV and NIC groups. In the 9 month post-infection group, there was a significant fa ll (p < 0·01) in enzymatic activity both in the infected (NIC) and vaccinated (NIV) groups when compared with the control group (NC). Figure 2 depicts the activities of leucine aminopeptidase in vesicle preparations from the three groups of animals described earlier. Here also there was a significant fa ll in the enzymatic activity after I month of infection to 9 months post-infection (NIC group), whereas the enzymatic activities in the BBMV of NIV group were significantly increased after I to 6 months post-infection. At 3 months and 9 months post-infection, no significant difference (p < 0·05) was fo und between the NIC and NIV vaccinated group of animals. Figure 3 demonstrates the activities of y-glutamyl transpeptidase in vesicle prepara tions of the three groups. A similar pattern was observed with this enzyme also, i.e. a significant fa ll in the activity occurred fo llowing M. /eprae infection up to 9 months post infection in comparison to control animals. A significant rise (p < 0·0 I) in the enzymatic activity in the vaccinated group in comparison to NIC group was seen. It is evident from Figure 3 that there is no significant difference (p > 0'05) between the vaccinated group and control group at 3 months and the post-infected group followed up to 9 months, an indication of the protective effect of the vaccination during the study period.
Discussion
Laboratory animals, as experimental models of diseases, can be used for the early detection of the onset of the disease. Accepted markers of disease are abberations in the histopathological and immunological parameters, but reflect the disease process at a very advanced stage. Complete renal structural and functional status cannot thus be evaluated by the existing parameters. Establishment of biochemical parameters fo r the early detection of the disease would be appropriate. It has been fo und that BBM enzymes are altered much earlier during the disease compared to histopathological alterations and hence can be used as markers for the early detection of the disease. The BBMV can also be used for the study of the role of vaccination in modulation of the renal status brought about by the disease.
A significant fall in the enzymatic activities of all three BBM enzymes during the course of experimental M. leprae infection in mice from I to 9 months is an indication of gradual damage of the renal proximal tubule membrane compared to the control group of animals. These observations are in agreement with the earlier histopathological,II,23 immunologicall O,24 and functional alterations",25 in the kidneys in human subjects.
The significant difference in the activity of the enzymes studied in NIC and NIV groups may have the fo llowing implications: the biochemical alterations across renal BBM are specific to M. leprae infection as these could be reversed by giving the vaccination mixture of BCG and M. leprae. The vaccination may have a protective effect on the renal impairment brought about by leprosy only in the initial stages and no significant protective effect was fo und in the advanced disease state in the 9-month infected group of animals. It is likely that the combined BCG and M. leprae vaccine prevents the fo rmation of immune complexes by disturbing the ratio of antigen : antibody required for the fo rmation of immune complexes. Hence the vaccine may have a preliminary role in preventing the immune complex deposition at an initial stage when the antigen load is not in excess.
